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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the exposure approach characterized by for exposure wavelength changing lighting 
conditions and illuminating the same mask pattern while it has been fixed, and projecting it on a 
common exposed field. 

[Claim 2] The exposure approach characterized by illuminating the same mask pattern by small mho : 
(sigma) and large mho, and projecting on a common exposed field. 

[Claim 3] The exposure approach characterized by illuminating the same mask pattern by small NA ■ 

(numerical aperture) and large NA, and projecting on a common exposed field. 

[Claim 4] The exposure approach characterized by performing slanting lighting and a vertical 

illuminator to the same mask pattern, and projecting on a common exposed field. 

[Claim 5] Said mask pattern is the exposure approach of any one publication of claim 1 characterized 

by having an opening pattern with the line breadth below the resolution limit of the aligner to be 

used thru/or claim 4. 

[Claim 6] Said opening pattern is the exposure approach according to claim 5 characterized by 
having located more than one in a line. 

[Claim 7] A mask pattern is the exposure approach according to claim 5 characterized by having a 
phase shift pattern. 

[Claim 8] The exposure approach according to claim 5 characterized by approaching said opening 
pattern and arranging the auxiliary pattern. 

[Claim 9] The exposure approach given in either of claims 1-8 characterized by illuminating said 
mask pattern with light from a KrF excimer laser, an ArF excimer laser, or F2 excimer laser. 
[Claim 10] The exposure approach given in either of claims 1-8 characterized by projecting said 
mask pattern according to the projection optical system which consists of either refractive media, 
reflective-refractive media or a reflective system. 

[Claim 11] The exposure approach given in claim 1-10 characterized by carrying out sequential 
exposure on each lighting conditions, without developing said exposed field on the way. 
[Claim 12] The exposure approach given in claim 1-10 characterized by exposing said exposed field 
simultaneously in the condition that the light in each lighting conditions does not interfere mutually, 
by said each lighting conditions. 

[Claim 13] It is the aligner characterized by having the exposure mode which changes lighting 
conditions, illuminates the same mask pattern while exposure wavelength has been fixed, and 
projects it on a common exposed field. 

[Claim 14] The aligner characterized by having the exposure mode which illuminates the same mask 
pattern by small mho (sigma) and large mho, and is projected on a common exposed field. 
[Claim 15] The aligner characterized by having the exposure mode which illuminates the same mask 
pattern by small NA (numerical aperture) and large NA, and is projected on a common exposed 
field. 

[Claim 16] The aligner characterized by having the exposure mode which performs slanting lighting ; 
and a vertical illuminator to the same mask pattern, and is projected on a common exposed field. 
[Claim 17] Said mask pattern is the aligner of any one publication of claim 14 characterized by 
having an opening pattern with the line breadth below the resolution limit of the aligner to be used 
thru/or claim 16. 
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[Claim 18] Said opening pattern is the exposure approach according to claim 17 characterized by 
having located more than one in a line. 

[Claim 19] A mask pattern is having a phase shift pattern. The aligner according to claim 17 by 
which it is characterized. 

[Claim 20] The aligner according to claim 17 characterized by approaching said opening pattern and 
arranging the auxiliary pattern. 

[Claim 21] An aligner given in either of claims 13-20 characterized by illuminating said mask 
pattern with light from a KrF excimer laser, an ArF excimer laser, or F2 excimer laser. 
[Claim 22] claim 13-20 characterized by projecting said mask pattern according to the projection 
optical system which consists of either refractive media, reflective-refractive media or a reflective 
system — an aligner given in either. 

[Claim 23] An aligner given in claim 12-22 characterized by carrying out sequential exposure on 
each lighting conditions, without developing said exposed field on the way. 
[Claim 24] An aligner given in claim 13-22 characterized by exposing said exposed field 
simultaneously in the condition that the light in each lighting conditions does not interfere mutually, 
by said each lighting conditions. 

[Claim 25] The device manufacture approach characterized by having the phase which exposes a 
wafer by the device pattern using the aligner of a publication to any of claim 13-24, and the phase of 
developing the exposed wafer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The exposure approach of this invention and an aligner are used for 
manufacture of various devices called image sensors, such as sensing elements, such as display 
devices, such as semiconductor chips, such as IC and LSI, and a liquid crystal panel, and the 
magnetic head, and CCD, about the exposure approach and aligner with which this invention 
exposes a detailed circuit pattern on a sensitization substrate especially about the exposure approach 
and an aligner. 
[0002] 

[Description of the Prior Art] Conventionally, when manufacturing devices, such as IC, LSI, and a 
liquid crystal panel, using a photolithography technique, the projection (it exposes) exposure 
approach and projection aligner which project circuit (it is hereafter described as "mask".) patterns, 
such as a photo mask or reticle, on sensitization (it is hereafter described as "wafer".) substrates, such 
as a silicon wafer with which it was applied to the photoresist etc. by the projection optical system, 
or a glass plate, and imprint them there are used. 

[0003] Also in the above-mentioned projection exposure approach and projection aligner which 
detailed-ization of the pattern imprinted to a wafer, i.e., high-resolution-izing and large-area-izing of 
one chip in a wafer, is demanded corresponding to high integration of the above-mentioned device, : 
therefore constitute the core of ultra-fine processing technology over a wafer, improvement in 
resolution and exposure area is measured in order to form broadly an image with a current and a 
dimension (line breadth) of 0.5 micrometers or less. 

[0004] The ** type Fig. of the conventional projection aligner is shown in drawing 1 5 . The body 
side exposure light which the excimer laser whose 191 are the light source for far-ultraviolet-rays 
exposure, and 192 come out of an illumination-light study system and 193 among drawing 15 , and 
the illumination light and 194 come out of a mask and 195 from a mask 1944, and carries out 
incidence to optical system 196, the image side exposure light which 196 comes out of a cutback 
projection optical system and 197 from optical system 196, and carries out incidence to a substrate 
198, the wafer whose 198 is a sensitization substrate, and 199 show the substrate stage holding a 
sensitization substrate. 

[0005] The light guide of the laser beam which carried out outgoing radiation from excimer laser 191 
is carried out to the illumination- light study system 192 by leading-about optical system, it is 
adjusted so that it may become the illumination light 193 which has optical predetermined intensity 
distribution, luminous-intensity-distribution distribution, an aperture angle (numerical aperture NA), 
etc. according to a projection optical system 192, and it illuminates a mask 194. 
[0006] the detailed pattern formed on a wafer 198 at a mask 194 — the inverse number twice (for 
example, twice, 4 times, and 5 times) of the projection scale factor of a projection optical system 192^ 
— the pattern of the dimension carried out is formed on the quartz substrate with chromium etc., with 
the detailed pattern of a mask 194, transmission diffraction of the illumination light 193 is carried 
out, and it turns into the body side exposure light 195. 

[0007] A projection optical system 196 changes the body side exposure light 195 into the image side 
exposure light 197 which is the above-mentioned projection scale factor, and carries out image 
formation of the detailed pattern of a mask 194 on a wafer 198 by sufficiently small aberration. It 
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converges on a wafer 198 with the predetermined numerical aperture NA (=sintheta), and the image 
side exposure light 197 ties the image of a detailed pattern on a wafer 198, as shown in the enlarged ; 
drawing of the lower part of drawing 19. 

[0008] The substrate stage 199 changes the location to the projection optical system 196 of a wafer 
198 by carrying out step migration along the image plane of a projection optical system, when 
forming a detailed pattern in two or more fields (shot field: field used as one piece or two or more 
chips) to which wafers 198 differ mutually one by one. 

[0009] However, the projection aligner which makes the light source the above-mentioned excimer ; 

laser of the current mainstream is difficult to form a pattern 0.15 micrometers or less. 

[0010] A projection optical system 196 has the limitation of the resolution by the trade-off between 

optical resolution and depth of focuses resulting from exposure (it uses) wavelength. The resolution j 

R and the depth of focus DOF of a resolving pattern by the projection aligner are expressed by the 

following (1) type and the formula of Rayleigh like (2) types. 

[0011] 

R=kl (lambda/NA) .... (1) 
DOF=k2 (lambda/NA 2) .... (2) 

Here, the numerical aperture by the side of the image with which lambda expresses exposure 
wavelength and NA expresses the brightness of a projection optical system 196, and kl and k2 are 
constants decided by the development process property of a wafer 198 etc., and it is usually about 
0.5 to 0.7 value. 

[0012] Although there is "high NA-ization" which enlarges numerical aperture NA among the high 
resolution-ization which makes resolution R a small value from this (1) type and (2) types, since it is 
necessary to make the depth of focus DOF of a projection optical system 196 into the above value to 
some extent, by actual exposure, it turns out that it becomes impossible [ advancing high NA-ization ; 
above to some extent ] and that "short-wavelength-ization" which makes exposure wavelength 
lambda small is needed for high resolution-ization after all. 

[0013] However, if short wavelength- ization is advanced, a serious problem will occur. This problem 
is that the ** material of the lens of a projection optical system 196 is lost. Although a fused quartz 
is existing in an far-ultraviolet-rays field as ** material which used near and the special manufacture 
approach for 0, and was manufactured for aligners (exposure wavelength of about 248nm), the 
permeability of almost all ** material The permeability of this fused quartz also falls rapidly to 
exposure wavelength with a wavelength of 193nm or less, and development of practical ** material 
is dramatically difficult in a field with an exposure wavelength [ corresponding to a detailed pattern 
0.15 micrometers or less ] of 150nm or less. Moreover, the ** material used in an far-ultraviolet-rays 
field needs to fulfill two or more article affairs, such as endurance, refractive-index homogeneity, 
optical distortion, and workability, besides permeability, and it is doubtful of existence of practical 
** material from this thing. 

[0014] Thus, in the conventional projection exposure approach and a conventional projection aligner, 
since ** material practical in this wavelength field did not exist to exposure wavelength needing to 
be short- wavelength-ized to about 150nm or less in order to form a pattern 0.15 micrometers or less : 
in a wafer 198, a pattern 0.15 micrometers or less was not able to be formed in the wafer 198. 
[0015] The U.S. Pat. No. 5,415,835 official report is indicating the technique which forms a detailed 
pattern by 2 flux-of-light interference exposure, and according to 2 flux-of-light interference 
exposure, it can form a pattern 0. 15 micrometers or less in a wafer. 

[0016] 2 flux-of-light interference exposure has a coherency from laser, and divides into the 2 flux of 
lights the laser beam which is a parallel pencil of rays with a half mirror. An interference fringe is 
formed in a part for an intersection by accomplishing a certain include angle of less than 90 degrees, : 
and making two laser beams (coherent parallel pencil of rays) cross more greatly than 0 by reflecting 
the 2 flux of lights by the flat-surface mirror, respectively. The detailed periodic pattern (light 
exposure distribution) according to the optical intensity distribution of an interference fringe is 
formed in a wafer (resist) by exposing and exposing the resist of a wafer by this interference fringe 
(optical intensity distribution). 

[0017] After only the same include angle as hard flow has inclined mutually to the perpendicular 
which the wafer side stood, when the 2 flux of lights cross in respect of a wafer, the resolution R in 
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this 2 flux-of- light interference exposure is expressed with the following (3) types. 
[0018] 

R=lambda/(4sintheta) 

= lambda/4NA=0.25 (lambda/NA) .... (3) 

Here, theta expresses whenever [ incident angle / as opposed to each image surface of the 2 flux of 
lights in each width of face, i.e. each width of face of the bright section of an interference fringe, and ; 
dark space, of L&S (line - and - tooth space) ] (absolute value), and R is NA =sintheta. 
[0019] When (1) type which is a formula of the resolution in the usual projection exposure is 
compared with (3) types which are a formula of the resolution in 2 flux-of-light interference 
exposure, since it corresponds when referred to as kl = 0.25 in (1) type, the resolution R of 2 flux-of- 
light interference exposure is by 2 flux-of-light interference exposure. It is more possible than the 
resolution of the usual projection exposure which is kl=0.5-0.7-to obtain twice [ more than ] as many 
resolution as this. Although not indicated by the above-mentioned U.S. Pat. No. 5,415,835 official 
report, R = 0.10 micrometers is obtained by lambda = 0.248 ran (KrF excimer), for example at the 
time ofNA = 0.6. 
[0020] 

[Problem(s) to be Solved by the Invention] However, since only the simple striped pattern which is ; 
fundamentally equivalent to the optical intensity distribution (light exposure distribution) of an 
interference fringe is obtained, 2 flux-of-light interference exposure cannot form the circuit pattern 
of a desired configuration in a wafer. 

[0021] Then, the above-mentioned U.S. Pat. No. 5,415,835 official report has proposed "multiplex 
exposure" which obtains the line (pattern) of isolation by usually performing lithography (exposure) j 
using the mask with which a certain opening was formed, and giving still more nearly another binary: 
light exposure distribution to a wafer, after giving a simple striped pattern, i.e., binary light exposure 
distribution, to a wafer (resist) by 2 flux-of-light interference exposure. 

[0022] However, since the approach of multiplex exposure of the above-mentioned U.S. Pat. No. 
5,415,835 official report was exposed by reinstalling a wafer in another aligner for usual exposure 
after it installed and exposed the wafer to the aligner for 2 flux-of-light interference exposure, it had 
the problem of taking time amount. 

[0023] The object of this invention is to offer the exposure approach and aligner which can perform ; 

multiplex exposure by comparatively short time amount. 

[0024] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the 1st exposure 
approach of this invention is characterized by changing lighting conditions, illuminating the same 
mask pattern, while exposure wavelength has been fixed, and projecting on a common exposed field. 

[0025] The 2nd exposure approach of this invention is characterized by illuminating the same mask 
pattern by small mho (sigma) and large mho, and projecting on a common exposed field. Here, 
sigma is the value which divided the numerical aperture by the side of the mask of an illumination- 
light study system by numerical aperture by the side of the mask of a projection optical system. 
[0026] The 3rd exposure approach of this invention is characterized by illuminating the same mask 
pattern by small NA (numerical aperture) and large NA, and projecting on a common exposed field. ; 
Here, NA is the numerical aperture by the side of the mask of an illumination-light study system. 
[0027] The 4th exposure approach of this invention is characterized by performing slanting lighting 
and a vertical illuminator to the same mask pattern, and projecting on a common exposed field. Here,; 
slanting lighting is a gestalt illuminated from the direction to which it inclined to the optical axis of a 
projection optical system, and is a gestalt illuminated from the direction where a vertical illuminator : 
is parallel to the optical axis of a projection optical system. 

[0028] The 1 st aligner of this invention is characterized by having the exposure mode which changes ; 
lighting conditions, illuminates the same mask pattern while exposure wavelength has been fixed, 
and is projected on a common exposed field. 

[0029] The 2nd aligner of this invention is characterized by having the exposure mode which 
illuminates the same mask pattern by small mho (sigma) and large mho, and is projected on a 
common exposed field. Here, sigma is the value which divided the numerical aperture by the side of 
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the mask of an illumination-light study system by numerical aperture by the side of the mask of a 
projection optical system. 

[0030] The 3rd aligner of this invention is characterized by having the exposure mode which 
illuminates the same mask pattern by small NA (numerical aperture) and large NA, and is projected ; 
on a common exposed field. Here, NA is the numerical aperture by the side of the mask of an 
illumination-light study system. 

[003 1] The 4th aligner of this invention is characterized by having the exposure mode which 
performs slanting lighting and a vertical illuminator to the same mask pattern, and is projected on a : 
common exposed field. 

[0032] since multiplex exposure can perform by setting up lighting conditions which arrange the 
mask in a certain aligner (for example, cutback projection aligner of a step-and-repeat method, or a 
step and a scanning method), and are different in this aligner to the pattern (the same mask pattern) 
of this mask according to the exposure approach of above-mentioned this invention, and the aligner, j 
the time amount which can use two sets of conventional different aligners, and multiplex exposure 
takes compared with a case becomes short. 

[0033] In addition, the semantics of the above-mentioned small mho and large mho only means the [ 
relative relation of the magnitude of each sigma, and means "larger (or small) sigma than certain 
sigma and this certain sigma." the same — the semantics of above small NA and large NA ~ every — j 
the relative relation of the magnitude of NA is only meant and "a certain NA and larger (or small) 
NA than this sigma" are meant. 

[0034] This invention includes the gestalt which illuminates said mask pattern with light from a KrF ; 
excimer laser (wavelength of about 248nm), an ArF excimer laser (wavelength of about 193nm), or 
F2 excimer laser (wavelength of about 157nm). 

[0035] This invention includes the gestalt which projects said mask pattern according to the 
projection optical system which consists of either refractive media, reflective-refractive media or a 
reflective system. 

[0036] This invention includes the gestalt which carries out sequential exposure on each lighting 
conditions, without developing said exposed field on the way. 

[0037] This invention includes the gestalt in which the light in each lighting conditions exposes said 
exposed field in the condition of not interfering mutually, by said each lighting conditions 
simultaneously (for example, condition carried out [ make / the polarization direction / intersect 
perpendicularly mutually as a linearly polarized light light, respectively etc. ]). 

[0038] This invention includes the gestalt which has the opening pattern in which said mask pattern ; 
has the line breadth below the resolution limit of the aligner to be used (for example, near 0. 1 
micrometer). 

[0039] This invention includes the gestalt with which two or more said opening patterns are located 
in a line (it is the so-called repeat pattern). 

[0040] This invention includes the gestalt in which said mask pattern has the phase shift pattern of 
for example, the Levenson mold, and the phase shift pattern of a rim mold. 

[0041] This invention includes the gestalt which approaches said opening pattern and arranges the 
auxiliary pattern. 

[0042] This invention can offer the device manufacture approach characterized by having the phase 
which exposes a wafer by the device pattern using the exposure approach, an above-mentioned 
aligner, and each above-mentioned gestalt, and the phase of developing the exposed wafer. 
[0043] 

[Embodiment of the Invention] The 1st operation gestalt of this invention is explained. 
[0044] The improving point over the conventional technique of the 1st operation gestalt is to change 
the lighting conditions of an illumination-light study system, and the aperture diaphragm of a 
projection optical system in a projection aligner. 

[0045] Amelioration of equipment for this operation gestalt to carry out this operation gestalt, since • 
the projection aligner has the lighting condition change device and the aperture-diaphragm change 
device from the former has the advantage of it being small-scale and ending. Moreover, or the mask 
used for multiplex exposure performed the same pattern NINGU as usual, since [ which performed 
some amelioration ] it is one mask fundamentally, creation cost does not cut it in the remainder. 
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[0046] with this operation gestalt, not use 2 flux of light interferometer of dedication attain "2 flux of 
light interference (formation of a detailed interference fringe)" in false by set up suitably the gestalt 
of the aperture diaphragm of the lighting conditions and projection optical system of an illumination 
light study system to the usual mask with which the circuit pattern which should be imprint to a 
wafer be formed, without, of course install a special mask in a projection aligner like the Levenson 
mold phase shift mask only for 2 flux of light interference. 

[0047] The principle of multiplex exposure of this operation gestalt by combining control of the 
spatial frequency spectrum of the mask pattern by lighting conditions, and control of the spatial 
frequency spectrum of the mask pattern by the aperture diaphragm of a projection optical system A 
very detailed line pattern (repeat pattern) unresolvable in the usual exposure which extracts a spatial- 
frequency component which 2 flux-of-light interference produces from a mask substantially, and is j 
included in a mask by the optimal 2 flux-of-light interference concerned for the pattern concerned 
While exposing the resist of a wafer independently and forming a periodic latent image there the 
latent image of the result of having performed the usual exposure is formed in the resist of a wafer in 
piles with the same mask pattern (the sequence of latent-image formation — reverse ~ even when — : 
good), negatives are developed based on the integrated latent image (integrated light exposure 
distribution), and a desired circuit pattern is obtained 

[0048] According to this multiplex exposing method, exposure becomes possible using the critical 
capacity of a projection aligner, respectively about the various detailed patterns contained in 1 mask, 
and the maximum drawer ****** can do capacity of the projection aligner restricted by the simple 
shot. 

[0049] For example, with the projection aligner using KrF excimer laser (wavelength of about 
248nm), and the projection lens system of the numerical aperture 0.6 by the side of an image (NA), it 
will also be possible to expose a pattern (image) with a line breadth of 0.1 micrometers on the resist 
of a silicon wafer (latent-image formation), this line breadth will be the line breadth with a minimum 
printing line breadth of 0.2 micrometers made into the limitation of this kind of equipment now of 
1/2, and twice [ about ] as many resolution as this will be obtained. 

[0050] The fundamental flow chart of this multiplex exposing method is shown in drawing 2 . 
[0051] This multiplex exposing method contains a rough (**) exposure step and a fine (detailed) 
exposure step as shown in drawing 2 . A rough exposure step and a fine exposure step also have a 
method of performing a rough exposure step and a fine exposure step by turns, when you may carry ■ 
out in order of the reverse of drawing 2 and the exposure step of multiple times is in one [ at least ] 
step. Development is not performed between rough exposure and fine exposure. 
[0052] Moreover, there is the approach of inserting a well-known wafer alignment step etc. suitably 
between each exposure step, and raising image formation precision. Thus, as for this invention, the 
procedure or configuration are not limited to the thing of drawing 2 . 

[0053] When performing multiplex exposure according to the procedure which drawing 2 shows, 
rough exposure is first performed using the pattern (mask pattern) and projection aligner of a certain 
mask, and sensitization substrates, such as a wafer, are exposed by the image of a mask pattern (a 
latent image is formed in a resist). Since this operation gestalt is what exposes the image of the very ; 
detailed line breadth below minimum line width resolvable by the projection optical system to a 
sensitization substrate, the mask pattern contains the pattern corresponding to the line breadth below 
minimum line width. An example of such a mask pattern is shown in drawing 3 . 
[0054] The pattern of drawing 3 is the so-called gate pattern used for ASIC of a semiconductor 
device. It is a part for the body which the inside of drawing 3 and 31 are gate lines, and manages 
switching, and microscopic **-ization is ********** to the line breadth of this gate line. On the 
other hand, 32 is the wiring contact section, and since a certain amount of area is required for this 
part 32, it is a pattern with a big dimension compared with the gate line 3 1 . Therefore, the detailed 
line pattern corresponding to the image below the minimum line width which can resolve this gate 
pattern by the projection optical system, and the larger pattern compared with it are intermingled, 
therefore — a rough exposure (projection exposure) step — **** ~ although the pattern of texture is : 
resolved, a detailed line pattern is not resolved. Moreover, the depth of focus in that case is shallow. ; 
[0055] next, ****** which performs fine exposure to the same field (common area) of the 
sensitization substrate which performed rough exposure, without developing negatives, and exposes 



http ://www4 . ipdl . ncip i . go .j p/cgi-bin/tran_web_cgi_ej j e 



12/18/2006 



JP,2000-021722,A [DETAILED DESCRIPTION] 



Page 6 of 1 1 



the resist of the same field by the image of a detailed line pattern, although multiplex exposure is 
completed The place performed after changing the gestalt of the aperture diaphragm of the projection 
optical system which projects the lighting conditions and mask pattern of the illumination- light study 
system which fine exposure of this operation gestalt leaves a mask as it is, and illuminates a mask for 
the same mask pattern (as opposed to the case of rough exposure) is the description. 
[0056] the opening configuration of the aperture diaphragm of the configuration (configuration of a ; 
projecting-on opening of aperture diaphragm of projection optical system-aperture diaphragm of 
illumination-light study system image) of the effective light source which comes out, respectively 
and is set up and projection optical system of the rough exposure of this operation gestalt and fine 
exposure to drawing 4 , a mask, and the image on a wafer are shown. 

[0057] With this operation gestalt, the same mask pattern is received as shown in drawing 4 . 
Drawing equipped with the usual circular opening as an aperture diaphragm of a projection optical 
system while being using the vertical-illuminator method (the usual illumination) which forms the 
about [ sigma=0.8 ] effective light source in the case of rough exposure is used. It is a double pole 
(the about [ sigma=0.2 ] circular light source is related with a couple optical axis) in the case of fine 
exposure. While using slanting illumination which forms the effective light source located in a line 
with the symmetry in the x directions which are the directions of a repeat of the detailed line pattern ; 
of the gate pattern array which is a mask pattern Multiplex exposure of a rough and FAIN is 
performed using drawing equipped with opening of a long rectangle in the x directions which are the 
directions of a repeat of the detailed line pattern of the gate pattern array which is a mask pattern as 
an aperture diaphragm of a projection optical system. In addition, each direction of the x axis in 
drawing 4 and the y-axis is arranged with each direction of a x axis and the y-axis shown in the gate 
pattern of drawing 3 . 

[0058] An example of optical intensity-distribution (cross section) drawing of each pattern image 
when performing such multiplex exposure is shown in drawing 5 . Drawing 5 specifically shows the 
optical intensity distribution of the A- A' cross section of the center section of the gate line of the gate ; 
pattern shown in drawing 3 . In drawing 5 , an upper case shows the result of exposure of as opposed 
to POJIREJISUTO in the exposure and the lower berth to NEGAREJISUTO, and the result of fine 
exposure and the addition result of 2 exposure of a rough and FAIN are shown sequentially from 
each **** as a result of rough exposure. 

[0059] From drawing 5 , when the optical intensity distribution of the large gate line pattern of 
contrast are integrated by fine exposure shows that the width of face of allowance light exposure is 
expanded by about 3 times by the exposure to twice [ about ] and POJIREJISUTO by exposure to 
NEGAREJISUTO by 2 exposure (multiplex exposure) to a thing with the narrow width of face 
(exposure tolerance) of the allowance light exposure which can form a gate line only by rough 
exposure. 

[0060] That is, what the resist of an exposed substrate is stabilized by multiplex exposure of this 
operation gestalt by the image of a pattern with resolution higher (line breadth is narrow) than the 
usual resolution limit of an aligner, and is made to expose and expose (a latent image is made to 
form) becomes possible. 

[0061] The effectiveness of the image formation based on the slanting illumination used by fine 
exposure of this operation gestalt by drawing 14 is explained. 

[0062] It is the ** type Fig. showing signs that (A) exposes the pattern of minimum line width in the 
state of the anticipated use of the usual aligner, signs that (B) exposes a pattern twice the frequency 
of marginal resolving in the state of anticipated use, and signs that (C) exposes the pattern of a twice :■ 
as many frequency as this by the slanting illumination of this operation gestalt among drawing 14 . 
[0063] In drawing 14 (A), the light which passes ., i.e., a projection optical system, which is in the 
condition that the primary diffracted light corresponding to the pitch PI of the repeat pattern 143 of ; 
the line on a mask 141 enters only in an opening grip of the aperture diaphragm of a projection 
optical system, and is contributed to image formation is the 3 flux of lights of the zero-order light 
and the primary diffracted light of positive/negative which bypass a mask. In addition, 142 are a 
glass substrate among drawing 14 . 

[0064] Drawing 14 (B) is what set the pitch P2 of the repeat pattern 143 of the line on a mask 141 to 
one half of the pitches PI of drawing 14 (A), and the outgoing radiation angle theta 2 of the primary 
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diffracted light diffracted with the mask in this case becomes twice compared with the outgoing 
radiation angle theta 1 in 14 (A). Therefore, the light which it becomes only zero-order light going 
into opening of the aperture diaphragm of a projection optical system, namely, passes a projection 
optical system, and contributes to image formation is only a zero-order light which bypasses a mask, 
and the image of a line is not resolved. 

[0065] Although one half of the patterns 143 of a pitch of the pitch PI of drawing 14 (A) are used for 
drawing 14 (C) as well as drawing 14 (B), it is the case where leaned incident light to the optical axis^ 
of a projection optical system, and it considers as oblique incidence lighting, and is setting the 
incident angle theta 3 of incident light to one half of the outgoing radiation angles theta 2 of drawing 
14 (B). In this case, since the travelling direction of zero-order light and the primary diffracted light = 
of positive/negative shifts to the respectively same side as the direction of slant so that it may 
illustrate, one of the primary diffracted lights of positive/negative of the primary diffracted lights 
(drawing shows the primary [ -] case) and zero-order light go into opening of the aperture diaphragm 
of a projection optical system, and the 2 flux of light passes a projection optical system, and 
contributes to image formation. 

[0066] Therefore, the image of a line is resolved. The include angle (NA) which the image formation 
side of zero-order light and the primary diffracted light accomplishes in the image formation by this 
2 flux-of-light interference and to make is twice the 3 flux-of-light interference include angle (NA) 
in the usual lighting of drawing 14 (A), therefore resolution becomes twice in the case of drawing 
14. 

[0067] Although the above explanation is a-like 1 -dimensional view, and it is possible to expose a 
detailed line with the above-mentioned oblique incidence lighting if only the 1 -dimensional periodic 
pattern (repeat pattern) is formed only for the line exposure with a detailed mask The directivity of a i 
pattern of a common mask is two-dimensional, and since the aperture diaphragm of a projection 
optical system is equipped with circular opening, the light from a mask is distributed two- 
dimensional within circular opening, and even if it performs oblique incidence lighting, the 
advantage of twice usual in the resolution of 2 flux-of-light interference explained by drawing 14 (C); 
is not acquired. 

[0068] It is **** that whose this operation gestalt exposes the detailed line pattern contained in 
circuit patterns, such as a gate pattern, on conditions with the resolution near usual twice or usual it it 
is the object, and this shows that the object cannot be attained thoroughly in the usual 1-time 
exposure by the configuration of drawing 14 . 

[0069] Then, the invention-in-this-application person repeated examination wholeheartedly, and 
attained the object by arranging drawing which it not only adopts the multiplex exposure which 
performs the vertical illuminator of large mho, and slanting lighting of small mho to the same 
pattern, but has opening of the shape of a rectangle which passes selectively the diffracted light from 
a detailed line below the resolution limit as an aperture diaphragm of a projection optical system in 
the case of slanting lighting. 

[0070] One example of the aligner of this invention is shown in drawing 1 . 
[0071] In drawing 1 , 1 1 is the light source for exposure and can use a KrF excimer laser 
(wavelength of about 248nm), an ArF excimer laser (wavelength of about 193nm), or F2 excimer 
laser (wavelength of about 157nm). If needed, into a resonator, such laser stations a part light 
corpuscle child, and is used as narrow-band-ized laser. 

[0072] As for the aperture diaphragm for exchange, and 17, the aperture diaphragm exchange means : 
of an illumination- light study system and 16 are [ a reticle stage and 18 ] projection optical systems, ! 
and the mask with which, as for an illumination-light study system and 13, the ** type Fig. in the 
lighting mode of the illumination- light study system 12 was formed, and, as for 12, the circuit 
pattern was formed, as for 14, and 15 consist of either refractive media, reflective-refractive media or 
a reflective system. 

[0073] The silicon wafer with a resist the aperture diaphragm exchange means of a projection optical, 
system and whose 21 19 is sensitization substrates as for the aperture diaphragm of a projection 
optical system and 20, and 22 are wafer stages where hold a wafer 2 1 and it moves two-dimensional 
along the direction of an optical axis of a projection optical system 18, and a flat surface vertical to : 
this direction of an optical axis. 
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[0074] This aligner is equipment which carries out reduced projection exposure of the circuit pattern ! 
of a mask 14 to many shot fields of a wafer 21 by the step-and-repeat method, or a step and a 
scanning method. 

[0075] When this aligner performs the above-mentioned rough exposure As (1) showed among 
lighting mode drawing 13 , to a mask 14, the usual partial coherent vertical illuminator 12, i.e., 
illumination-light study system, large NA, While using an aperture diaphragm (1) with circular 
opening of large mho (about sigma=0.6-0.8), a path carries out image formation of the pattern of a 
mask 14 to the resist of a wafer 2 using aperture-diaphragm (l) f with circular opening of abbreviation 
max by the projection optical system 18. 

[0076] Next, when this aligner performs the above-mentioned fine exposure A mask 14 and a wafer 
21 remain as it is fundamentally to the same mask 14 as rough exposure. As (2) showed among 
lighting mode drawing 13 , small NA, While using an aperture diaphragm (2), the oblique incidence ! 
lighting 12, i.e., the illumination-light study system, of small mho (about sigma=0. 1-0.3) an aperture 
diaphragm (2) equipped with opening of the rectangle which has a longitudinal direction in the 
direction (if it puts in another way the direction of a repeat of the detailed line of a mask 14) with 
which zero-order light and the primary diffracted light are located in a line with oblique incidence 
lighting about a diaphragm by opening of a projection optical system 18 in an aperture-diaphragm 
location — 1 — using — The same (it is common) field of a wafer 21 is made to carry out image 
formation of the pattern of a mask 14. 

[0077] the illumination light — study — a system — 12 — an aperture diaphragm — (— one — ) — (-- 
two — ) — an aperture diaphragm — exchange — a means — 16 — exchanging — a projection optical 
system — 1 8 — an aperture diaphragm — (— one — ) — 1 — (— two — ) — 1 — the aperture-diaphragm 
exchange means 20 — exchanging . 

[0078] As an aperture-diaphragm exchange means 15, as shown in drawing 6 , two aperture 
diaphragms (filter), the object for fine exposure and the object for rough exposure, 63 and 64 are 
fixed to one holder 61 . As shown in a means to make parallel slide this holder 61 in the direction 
vertical to the optical axis of the illumination-light study system 12, and to arrange one aperture 
diaphragm in the optical path 62 of the illumination-light study system 12 selectively, and drawing 7 
Two or more aperture diaphragms (filter) 73-77 are fixed to the disc-like holder 71 (turret), and there 
is a means to make rotate this holder 71 in a field vertical to the optical axis of the illumination-light 
study system 12, and to arrange one aperture diaphragm in the optical path 72 of the illumination- 
light study system 12 selectively etc. 

[0079] On the other hand, as an aperture-diaphragm exchange means 20, as shown in drawing 8 , the 
aperture diaphragm (filter) 85 equipped with rectangle opening is held to the non-illustrated holder. 
Make parallel slide this holder in the direction vertical to the optical axis of a projection optical 
system 1 8 at the time of fine exposure, and insert in the predetermined location within a projection 
optical system 18 (pupil posion) aperture-diaphragm 85, and it fixes to it. The means to which 
parallel are made to slide this holder at the time of rough exposure, and an aperture diaphragm 85 is 
evacuated from the optical path of a projection optical system the whole holder, As shown in 
drawing 9 , to a projection optical system 18, parallel are made to slide two gobos 95 in the direction : 
vertical to the optical axis of a projection optical system 18 from an outside, and there is a means to ; 
form rectangular opening in the core of an optical path etc., by inserting and fixing to the 
predetermined location within an optical path 96. 

[0080] Furthermore, as shown in drawing 10 , according to devices 102 and 103, drive the holder 
and aperture diaphragm 85 of a means of drawing 8 , and make it pivotable or two gobos and a gobo i 
insertion evacuation means are made pivotable in the means of drawing 9 . The configuration which 
takes the configuration which enables it to change bearing of rectangle opening, or establishes two or 
more sorts of aperture diaphragms and the aperture-diaphragm insertion evacuation exchange means 
which bearings of rectangle opening differ may be taken, and it may use for the example mentioned - 
later. 

[0081] Although the above-mentioned operation gestalt carried out double exposure (it exposes 
twice on conditions which are different without developing negatives on the way) of the integrated 
gate pattern, below, the operation gestalt which performs the integrated gate pattern by 3-fold 
exposure is explained. 
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[0082] As this operation gestalt is shown in drawing 1 1 , when a gate pattern comrade is integrated, 
it is an example of the more suitable the exposure approach and an aligner, and the projection aligner 
which drawing 1 , drawing 7 , and drawing 10 show is used. 

[0083] With this operation gestalt, as shown in drawing 12 , it is alike by performing 3-fold exposure; 
of the right fine exposure 2 in addition to rough exposure of two left, and the central fine exposure 1, ; 
and each separation boundary of a gate pattern image comrade's xy direction can be emphasized 
more. 

[0084] Although a difference performs the same exposure as the operation gestalt explained by 
above-mentioned drawing 4 fundamentally [ a certain thing ] to light exposure etc. as for rough 
exposure and the fine exposure 1 of this operation gestalt Although the fine exposure 2 of the point 
of performing oblique incidence lighting which forms the double pole effective light source, and 
spatial-frequency adjustment (filtering) by the aperture diaphragm of rectangle opening is the same 
as that of the fine exposure 1 a mask pattern is exposed by maintaining, also rotating bearing of the 
effective light source the need — responding — 90 degrees from the condition of the fine exposure 1, ; 
and arranging bearing of rectangle opening of an aperture diaphragm. The resolution of the direction 
(space upper and lower sides) of y for which high resolution is needed because this integrated is 
raised, and more desirable intensity distribution consist of differing from the direction of oblique 
incidence lighting further. 

[0085] this invention can boil and change various exposure sequences etc. in the range which is not 
limited to the example explained above and does not deviate from the meaning of this invention 
[0086] Especially the opening configuration of the aperture diaphragm of the illumination-light study 
system 12 and the configuration of the aperture diaphragm of a projection optical system 18 are 
suitably chosen according to the circuit pattern which should be imprinted to a wafer, for example, as 
an aperture diaphragm 16 of an illumination-light study system, it has zona-orbicularis-like opening - 
- extracting (drawing 77 of drawing 7 ) — it has four openings out of an optical axis — extracting 
(drawing 76 of drawing 7 ) — etc. — it can be used and drawing which has ellipse-like opening as an 
aperture diaphragm 19 of a projection optical system 18, drawing which has four openings out of an 
optical axis can be used. Modification (l)-(3) of fine exposure is shown in drawing 13 about this. 
[0087] Since the circuit pattern which has the pattern of the line breadth below marginal resolving of 
equipment can be exposed to a wafer by double exposure or the Mie exposure only by performing 
some amelioration to a projection aligner, one usual mask, or usual each according to each operation 
gestalt explained above, migration of the wafer between equipment, exchange of a mask, etc. are 
unnecessary, and can shorten time amount which double exposure and the Mie exposure take. Next, ; 
the operation gestalt which performs rough exposure and fine exposure, without changing the 
opening configuration of the aperture diaphragm of a projection optical system 18 is explained. This 
operation gestalt is related with the exposure approach performed with the projection aligner which 
drawing 1 and drawing 7 show. 

[0088] The description of this operation gestalt attaches an auxiliary pattern to this detailed line of 
the circuit pattern which has the detailed isolated pattern of the line breadth below the resolution 
limit of an aligner, and this circuit pattern with an auxiliary pattern without developing negatives on 
the way It is in the point of performing double exposure of the rough exposure by the vertical 
illuminator of large mho, and the fine exposure by the slanting lighting of small mho, the oversized 
pattern of 0.5 or more lambda/NA is preferentially resolved by rough exposure, and the detailed 
pattern of 0.5 or less lambda/NA is preferentially resolved by fine exposure. Here, lambda is the 
wavelength of exposure light and NA is the numerical aperture by the side of the image surface of a 
projection optical system. 

[0089] In the case of this operation gestalt, the drawing 73 in which the aperture diaphragm of a 
projection optical system 18 has central circular opening of drawing 7 usual in rough exposure as an 
aperture diaphragm to which the illumination- light study system 12 is changed using aperture- 
diaphragm (l) f equipped with circular opening of drawing 1 on the both sides of rough exposure and 
fine exposure, the drawing 76 in which fine exposure has opening outside [ shaft ] four of drawing 
7 , and the drawing 77 with zona-orbicularis opening are used. These aperture diaphragms of the 
illumination-light study system 12 are switched by the approach stated in the previous example. 
[0090] Drawing and drawing 18 which drawing 17 extracts and show the opening image (effective 
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light source) of 76 extract, drawing of the opening image (effective light source) of 77 and drawing 

19 extract, it is drawing of the opening image (effective light source) of 73, and these opening 
images are formed in opening (pupil) of the aperture diaphragm of a projection optical system with 
zero-order light. 

[0091] The method of an attachment of an auxiliary pattern is described. 

[0092] The width of face w of a pattern attaches an auxiliary pattern to the isolated detailed pattern 
of 0.5 or less lambda/NA. An auxiliary pattern is attached only to one side isolated to the detailed 
pattern with which only one side is isolated at this time. Line breadth w* of an auxiliary pattern is 
about set as 0.25 or less lambda/NA, and, as for the spacing s of a detailed pattern and an isolated 
pattern, it is effective to make it the same value as line breadth w' or a near value. 
[0093] In addition, an auxiliary pattern is not attached, when crowded with a large number to the 
extent that neither the case where the detailed pattern constitutes the pattern repeatedly, nor an 
auxiliary pattern can be attached. 

[0094] Moreover, although aimed at the phase (phase of the exposure light which passes through 
that) of an auxiliary pattern, it is made reversed to a phase (phase of the exposure light which passes 
through that), and is good also as a phase shift mask of a rim mold. At this time, in the light 
transmission section, the surroundings of it reverse [ pattern ] the phase of an auxiliary pattern to a 
detailed pattern, when the target detailed pattern is the protection-from-light section, and in the 
protection- from- light section, the surroundings of it reverse [ pattern ] the phase of an auxiliary 
pattern to a surrounding part, when the target detailed pattern is the light transmission section. 
[0095] Drawing 16 -1 is the example which attached the auxiliary pattern to two lines of width of 
face w with the detailed gate pattern taken up also with the above-mentioned operation gestalt, and 
drawing 16 -1 ends and encloses the gate pattern of a couple for spacing s by the auxiliary pattern of | 
width-of-face w\ Drawing 16 -2 shows the example which attached the auxiliary pattern of the rim 
mold of width-of-face w f shown with the slash which made the detailed line of a gate pattern reverse 
a phase to the light transmission section. 

[0096] The result of the double exposure by the exposure approach of this operation gestalt is shown 
in drawing 20 . 

[0097] As for the double exposure in that here, the image side numerical aperture NA used the 
exposure light whose projection optical system and wavelength lambda of 0.6 are 248nm. Drawing 

20 used the mask which attached the w-s=0.03micrometer auxiliary pattern to the surroundings of \ 
the gate pattern which has a w= 0. 12-micrometer detailed line like drawing 16 -1 . 

[0098] The result to which the lower berth of drawing 20 carried out double exposure of this fine 
exposure and rough exposure for the result of having performed rough exposure by the illumination 
light in which the middle of drawing 20 forms the effective light source of drawing 19 for the result 
of having performed fine exposure by the illumination light in which the upper case of drawing 20 
forms the effective light source of drawing 1 7 is shown. 

[0099] In fine exposure, two detailed lines are resolved to making it fade and expose without 
resolving two detailed lines, when it is rough exposure as drawing 20 shows, but spacing of two lines; 
opens too much, although the configuration required as a gate pattern is not acquired, in the case of 
double exposure, two detailed lines are resolved and the configuration required as a gate pattern is 
acquired. 

[0100] Thus, also in this operation gestalt, since the circuit pattern which has the pattern of the line 
breadth below marginal resolving of equipment can be exposed to a wafer according to double 
exposure only by performing some amelioration to a projection aligner, one usual mask, or usual 
each, migration of the wafer between equipment, exchange of a mask, etc. are unnecessary, and can 
shorten time amount which double exposure takes. 

[0101] In each operation gestalt explained above, the gestalt of one sheet or these two or more 
wafers altogether performed to a shot can take exposure of another side, without developing one 
[ which perform two exposure for every shot ] one [ a gestalt and ], after [ one sheet or two or more 
wafers of one lot ] performing all to a shot when performing double exposure of rough exposure and 
fine exposure to many shot fields of a wafer 21 . 

[0102] Furthermore, it is also possible to perform 2 exposure simultaneously, as the light used for 
two exposure as a linearly polarized light light a light and the polarization direction cross at right 
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angles mutually does not interfere in the illumination light of two exposure. 

[0103] Moreover, this invention can cope with both NEGAREJISUTO and POJIREJISUTO. 

[0104] 

[Effect of the Invention] The device manufacture approach that the device which can offer the 
exposure approach and aligner which can perform multiplex exposure of double exposure, the Mie 
exposure, etc. by short time amount according to this invention as explained above, therefore has a 
detailed pattern can be manufactured early can be offered. 

[Translation done.] 
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[Drawing 7] 




[Drawing 10] 



http://www4Jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 12/18/2006 



JP,2000-021722,A [DRAWINGS] 




http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,2000-021722,A [DRAWINGS] 



Page 5 of 1 1 




JP,2000-021722,A [DRAWINGS] 



Page 6 of 1 1; 




rawing 1 1] 



□ 



ID 



~1CD 



[Drawing 14] 



http ://www4 . ipdl .ncipi .go jp/cgi-bin/tran_web_cgi_ejj e 



12/18/2006 



JP,2000-021722,A [DRAWINGS] 




(B) 



7M 



wr ' 



14,1 



//»\v" 

■IK / OX 
SH&RtttMCINA 



142 



Pa, 



143 



(C) 





[Drawing 13 ] 



http://www4ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



JP,2000-021722,A [DRAWINGS] 




http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,2000-021722,A [DRAWINGS] 



Page 9 of 1 1! 




[Drawing 18] 
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[Drawing 19] 
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ftiMJMBftfc 196ttllkl^»)tt^fi» 197tt3fc¥3&196 
A^6WTS«198KAJ#-rS««B^ 198tt!8)taS 

/J\"f"o 

[0 0 0 5] itfTl/- *fl9lA>StBlitUfcU— tfft 

5l*Eb*¥3R£J:oT!i8IB)16*3Sl92tS|JtS 
n, S»3t^3Rl92fc:«t»)BrS03t3iUt»*, E3tt» 
MSA (BBPSNA) **»olHII!*l934:**J: 

stasEstu vx^i94%jiaiB-rSo 

CO 0 0 6] VX^194fct±'>X/M98±tC^J5!c'r5?Siffl 
B«aME±t»ia*nT48 t> , HPmi93t± VX * 194© 
CO 0 0 7] IBBft&mmi, «J#fflMI)tt3ttl95*, v 

x * i94©«W / ^ - y*±m&&{gm-?&'Dfttt>b2 

So flOTBttfti97ttHi9©Tl^t4^Hfc3^ns«fc 

Bf^OBBPSWA (=sinfl )T«>X7M98±tiR* 
Lx "?X/M98±KmMHI^<^->0«*IS*o 
[0 0 0 8] S«Xx-^i99{i, «>x;M98CQ;§:w;:g 
44*»OlS« (S/a y Mgg : 1 flXttWROf-y ^ 

">x/M98<9iS»ft^ 1 9 6 tifr-5ffiB%S**o 
CO 0 0 9] Lfrb&tfe, S!££iffi<D±fg<DX*i/V 
U— »f*)tJRi:-r«a»«3ia»«, 0. 15^mHT 

COO l 0] SKtt¥3Si96«\ Bft OcJfl^S) Sft 

®rtz-v<DBmmRtm&mmDOFit, jocose 

t (2)5£<D$0£ U- U -<D3lc J; o TS2ft5 0 
[0 0 1 1] 

R = ki (A/NA) (1) 

D0F=k 2 (A/NA 2 ) (2) 

C£T\ AtiBft&fi, HAttlSaB3t¥Sl96fl!)W*** 
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WWBOiPR, k., k 2 (i"i/X/M98cDa^D-tr 
x*tttfSfc«fcoTifc*SS£aT;&*), Jl^O. 5-0. 
7gg©<lT'&3„ 

[0 0 12] Cl<D(l)Sfc(2)SA>?). B¥$ifiR£/J^> 

flifc-r*Bii»flwtfkt«iJBp«HA%^t<-rs i kna 

ftj tffcSflV. HISOB)ft?ttlS»3tt*3Rl96©^j« 
aD0F5r^i)gSl.X±(0ffltf S&gtf&Sfca^ ft 
NAft*S&5®eW±Ji*S C i: a^Rlffi * £> C i: ^ 

mmmmitK immmyt&m a < -r 5 m&m 
[0013] tcziimtiim<t*mtbr^< tnttrs 

mmmnmim?ii 0 tea < , t^mms a*/^ 

TBttSBfl! (Bft&fi^248nm) KHii*n/£lBttk 

fil93mWTO»)t»fiC»UTtta»l«:ffiT-rS u 
0.15 m m WT®*lffl><* - 3«)fe»£l50ni 

20 s„ zr&mHmfm-em-gnzmit. immim 
«a^*»ifc-r&gtf*»K coitus, Hfl»« 
[0014] coj:3fc!se*oaeB3fc^ffiatffiiBa 

ftggT'fi, ^x/M98{CO. I 5 iimUTV^f-y 
fcWTS&Kti 1 5 0ra®KWTS-eB3t*«OJB» 
Sfbtfj&BTfcS ©left U C ©»S««Ttt*ffl«ft 
5S^A^fiEL^:^<DT\ ^X/\1981C 0. 1 5 nm&CF 

30 [0 0 1 5] SWftWi&S, 4 1 5, 8 3 5^&fBH2 

^TPB^tc <t xm.m> \ z - 5 a«*B! 

^LTt5t)x ZJtSTSBJfclCfcntf, ^XMfcO. 1 

[0 0 16] 2Jtt«=F»B3tl4, I/— *ffr 5 ORl¥»tt 

«k^T23t«fc»»JU 23t****¥iS57-fc:J:oT 
R»f S C t IC £ *) 2®<D V~*f% (nJ=FSrtt¥fT)t« 
^OJ;0^t< 9 0g*ig<D&3ftg*fi!cLT5!§ 

40 ^ W>3tt!&i»M0 tc=toT>>x/N©Ui;xh^B7tL 

aw/^-y (B3teS^) ^^xm (ui/*xh) icjg 
^-rstoT'^So 

[0 0 1 7] 2^*^x/^(DiLT/cS^tcWLTS 
(/HCjS?^|6jCraUftSf£lt«V^c^T">X/NjgT»SII 

(3) ST'S^nSo 
[0 0 18] 
R= A/ (4sin8) 
50 =A/4NA 



(4) 

5 

= 0. 2 5 (A/N A) (3) 

ccx\ R«L& sc^fy • ryv • t.^-x)<d*4 

©*^C«iBh:3t-r5A«ft« (tttttf) £«U N A 
=sin0T*&S o 

[0 0 19] JHt<Dl9KB%lc«tt«liMttOAT«e 

( i mt 2 jtsTaajticfe^siinftfiosT?** c 3 ) 

St*Jt«"TSi:» 23tmT^SJtOfi?®fiR{i (l ) 
SCKfc^Tki = 0. 2 5 i:Lfc*&tffl3 , rS^5, 
2^Ti$S^T*(i k. = 0. 5-0. 7T*&3ffl^<£> 10 
&KBft©jg&g «fe t> 2|gK10»i5 C i: #51 
s6T'feSo ±SB#g«*F£5, 4 1 5, 8 3 5 4HHHK 
liF^SnTV^I/^^ #lx.fcfA = 0. 2 4 8 n m (K 
r Fl+->7) T'NA = 0.6<DBf{i, R =0. 1 0/im 

[0 0 2 0] 

[0 0 2 1] *C"C±K#Bl*fflFB5. 4 15, 83 5 

[002 2] ±K*H«fffiF»5, 4 1 

5, 8 3 5^&»©£SBft©£i£«\ 2ft]£T$Bft 30 
E©BftgBlc£XM;£igfiLT®ftLfd£-e, 3J©iI 
mBftffl ©Ungate 9 x/ v&RB UB L TRft*tT& 

[0 0 2 3] JtBWfiVWIHn'^fiB 

5= 

[0 0 2 4] 

aoBBttswicisB-rs c tfcitafc-rso 

[0 0 2 5] *»lllW>B2<Z>B3fe££«\ H-O^* 

Bfts«fc:«B-rsci:*«F«fc-r.5. llt-, oti, 

oB8pai?*J-3fcffl[-efe*. 
[0026] *5SPj©£3©»ft2rffiii, m-wxz 

A(i^^^©VX^ffifl€»F^PStT*^5o 50 
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[0 0 2 7] *Bfli©B4©BMG#tt«\ 

[0 0 2 8] ##gH£©!g 1 <0BttgB«> H-OVX^ 
iPiLT^OSaB^Bfciaie-rsBJfre- F*#T* 
[0 0 2 9] *fEi»0%2 0B%SBH:. B-O^X* 

BJteBBtae-rsBJtt- F**rrsc tfcWBfc-r 

5. CCT% ott, ^3t^<DVX^ffl!lOMPa%S 

[0 0 3 0] *SEW<DB3©B3tt»Btt» B-©v** 
/^-y^NA (Mn») t*NA£T*fiPJibT«a 
©«B3ttB«tt9»-raB3ttt- F*#TSC fcfcWB 
i:iT£o tc-e, NAttSaifiJtt^SOVX^IIlOMPa 

[00 3 1] *«WOB 4 ©B^fitt, H-OVX^ 
/<*->C«»BIB SBBW*fr* t> T£ai©$if ft 

®«fc«BT5B3fre- f*wt*c tttftWit-rZo 

[0 0 3 2] ±K©#f8i«©Btt2rffiRtfBftgBfcJ: 
titf, &3BftgB (WjttfXf7^7>K'J^-h)Si 
S^f7 ^7 ynx+t >^o^/j^BftS«) 

K&§V7.^;&ffigU (|B|— <D 

fcWLTCOB^BtBft-SBW* 
ft*^?-3Cfc^£SBfttf?T%*S©T\ ft*<D2 
^©S&SB^BfcJa^Sdif^lcJt^T^fiBttfc 

[0 0 3 3] ±!H<Q/ho ^'vcD 

5o tC<Oo ±9*^ GS^tt/hSV^) oj £S«f 
So BBfc, ±t2©'hNA£*NA©Mi5l<&&NA©;fc; 

NA£C<Do<fcr>*£^ (l!cVHJ/h2V\) NAJ £Sift 

[0 0 3 4] *38HliB, KrFx^i/vU— tf- ($fi&2 
48nm) , ArFX^i/V U— tf- (i&B&J193niD) X&F2X 
*->VU— if- (&giftl57nm) £ftT'i!ua2vX^ 

9-yzmw?%fcmz-sts 0 
[0035] *%.wn. mmjfk. kb-sb?*, xits. 
»^©v>-rn^«j; ^ BsaB3te¥*t <t -=> rtuievT. ^ 
rtf-yzmz-tzmmz-stso 

[0 0 3 6] *BWt±. H5f2MBft®«^^4>T'S®T 
[0 0 3 7] *BW(4, IBBttB^BB«mlfB#B^ 
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[0 0 3 8] *5M§tt, HufBvX^/^-^i, 

[0 0 3 9] *JBI5itt, IffiEMP^-yfcMSRffltfA, 

[0040] *feB^ti. m^x?'^->i*mx.ifu 

[00 4 1] ##8H8li> «nEBBP^*-^Kifi»UTffl 

[0042] *fg«Pitt, ±faofgft7jffiviiftgBRtf 

[00 4 3] 

So 

[0044] mi©nas©ffi©^*a*f5K:w-r53[m^ 

Bonnie t> i: £9J 0 If*. S c i: t & So 
[0 0 4 5] *£ffl0£ftgtt. &I&Bftggttfi£3feb^!i 

[0 0 4 6] *£JBBBT?tt, »ffl0 2^=F*W-*ffi 

«S tife fflHro v X * fc J* LT^^^<D5g^# i: 
J9»3t¥36OMPR0 0*!B*aSlftS-r« c tie J; *) 

mm\c r2KM=F& mmit*wt<DiejiQ j 
■rso 

[0047] *mmBm<Dzmmft(Di%wte. mm&tt 

/^-ytCfi^aK 2 JtSKTSK <fc o TffifitC ?xm 
73, |H]-<DVX^/^->'T-^x/^U'V ? Xhtca#0 

V>?&OT*£S„ 
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[0 0 4 8] c©^WIM6ffi»cJ:4atf, lvx^rttc-& 

$ns£ttft»»><*->**nrni^Btt8M0E 

£So 

[0 0 4 9] m%-l£, KrFX+S'VU— 9* (i^fii^248n 

m) £«igioiMQR (na) o.wtmisvxzktzm^rc 
tmmmiWT\ mmo. 1 ,imo^*-y m) 

10 ^mx'h*), £<Dmw,iM&£<oM<Dmu<Dmftt-& 

[0 0 5 0] 02C*^aBJtjS<DS*W*yn-^+ 
— h%7Fto 

[0 0 5 1] H2fc^rfcfc!K *^fi»3ttffitt, 77 
(ffl) HftXx>y7\ 7r^y (tKHH) i*^fy7 , 4 
^t?o 5>7BftXx-y:/fc7 7^yBftXx-y:/&02 
oa»OB#Tfr&oTfc&<, fcfc— jfrCXxv 

20 yftyr-c ymtT^r v zfz&mcn o t &s 0 

7 7Btt fc 7 7 -f >BttOIBIT9i«tt?T*fc4^o 
[0 0 5 2] £tc, &S7fcXxy7WUi^ft]0'7XM 

[0 0 5 3] i2AW?I1^7T^I13t^lT%a 

fesvx^o^*-;/ (vx^^-y) 
BttS»*JB^T$-f 77Bft*fft\ 7l^f©M 

as*vx^/<^-^©«T»)tt-r* o->*x Mcitif! 

30 £»TS) o **jS«*tta»)t*S-e«P«T!?S« 
ttlStiW-yttShV^io CO<fc5&VX^* 

[0 0 5 4] mortZ-y&^MWrtu XOASICtc 

ffl^6nsmay-h^->Tfe5 0 3i« 
y-hBoiiwtaiaMfflfb^asT^s. 3 2t± 

IHi^ny^^hgPT*, coap^3 2a&£g£0Sflltf 
^-yi:%oTi>So ffiot, coy-h/^-ytijS 

fc*5t46o/^-y(±^$ns^«s»^-y(i(l? 

[0 0 5 5] ^{Cv7B^fTofcS^S«0|^-®^ 
50 T'B3t-r5ci:^<fc^T^aBJt%^7-r5A^ *HSS 
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P«D©«J8* (^^©ifl^CflLT) tMLfct 
[0 0 5 6] 0 4tc, 4^|flUB!K©77B3ti:7ri'>' 

s^o^n^nT'^^nsw^^jgo^ (saw)** 
&©hp« o zmzyt^moMn® *> ©mpksu l/c 

^^">x/\±<D^i:^-ro 10 
[0 0 5 7] B4K3*TiItK *%I9Bflt< , ?& 1^-© 
vx^£-mc#lt, 77S3t©Stio = 0. 8g 

fi©s»jts*#jsrsMKW8; osm<omm) * 

©MP*fiM.S8»)*JI!v\ 7 7-<:/8tt©IBfi2S8 
© (o = 0. 2SfiOR}B3ttiBW-Jty£ttltB8UTJ«* 

ttH3©y-h/<*->(lJfc^L:fcxtti:yW(D&2FlRl 

[0 0 5 8] £©£5&£Sgft£fTofcH#©&^£- 
y«03eMt»* OBrffi) HO-P*H5t^-r. 0 5 

V^T, ±m*#Uv ? XMc2tr3Bft, T©«#-7b 30 

§gft©*£S, 7r-f>Rft©IS£, ^LT?7i::77^ 
>©Zj^©»»|g***L-CVS. 
[0 0 5 9] 0 5J;Os 77«*^ttTH:y-HSl*JB 

JfP«2flS, #-7U-7x htc^-r§il^T'ii^3fgtcfi£ 
A£nTi/>5Ci:#frfr3 0 40 

[0060] m^mmmm<D^mmmcxK>mytmm. 
[o o 6 1 ] 0 1 4 T**MfaBm<D7 7 j ymytx-m^ 

[0062] lU*, (A) tfilttQSgX&BOSeiir 

©<iffl«!s-ea/j>«*o^*->*»3tr5aff, (b) 

fcWWSflB 1 * (C)^*Hfig«fficD^i6raj£T*2{g 50 
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So 

[0 0 6 3] 01 4 (A)T'(i, VX^ 1 4 1 ±©!(g©*g 
0jBU<*->1 4 3©ey^Pi£*h£-fS l*@8r3t 

mtv*tzmm*)?zo%.K£iE%.o) 1 ^HflTftt© 

3)tmT*fe?)o ^ 014^ 1 4 2itiSy7,mmX'h 

So 

[0 0 6 4] 01 4(B)(i, VX£ 1 4 l±©*l©i|$9 
IL/^-yi 4 3©tfvf-P2*Hl 4(A)©e-y^Pl 
©l/2i:Lfcfc©T» CO^VX^TIHSf^nrc 1 
3fclllSr»©WI*fc 0 2 li 1 4 (A)©»&©ffi«ft 0 1 fc 
l£^T2fgi:&So t£oT«Bafc^©WP8»)©l»P 

to*). «©»tt»««n*v\ 

[0 0 6 5] 01 4(C)tt. 01 4(B)fc|S|C<01 4 

(A) €t!7f PltO 1 / 2 0e-yf O^-y 1 4 3 5rffl 
l^Stf. A»ft*i^^&©^lcttbT«ttT»A 
MEi: Lfd§£T*&9, Alttt©A»ft 0 3«0 l 4 

(B) ©fflStft8 2©l/2i:LTV3o CO*&HS"r 

5 J: 9 e osWtkiEfto i &®Srft©it??£iRitf ^-n^f 
n&*;frfticpgc<l!Hci/:7h-fS©T\ IE&©1&I§IHt 
)tt©rtOif ^Bjfjv-^O 1 &@SrJfc (0tt- 1 #©«£■ 
fc^UTVS) fcO#ftfcjWMB)^fc©raP»D©IN! 

So 

[0 0 6 6] ttt>T*©«Wi»«*n5. £©2^*? 

»K iSISflWcisv^Tffitetti: i &@iff)te©tt«®jW8 

fftt£lfi(NA)«01 4 (A) CDjim.™©«^©3 
7 , dmT^a(NA)cD2{g-C i feD, fi£oT«P«fittHl 
4©i§£-©2fg££S 0 

[0 0 6 7] JJLhOSiWH: 1 #tg«& T*& 0, tL 

tt*vX*tt/<*-y©#fctttf 2#7£T«9fiiafc¥ 
3fi©BBPtSH)«P3«BHP*il*TV^fci6, ^X**6 
©ftfiHJBBBPrtT? 2 3?7C«fc#* U »A«!l8W*ff 
oTtHl 4 (C) T*t!JBJlLfc2ftjKT#©Jg{£fi#i§ 

[0068] coctfr^ *nimmz'f-\-rt2- 
ym<o®®>w-yic<33it\%mmKm>w-y*Mm 

WT-feS©©^ 01 4©«lfi8k:J:*ii»©-@B)tT? 

[0069] *c-e*iB«8#tttaa«i»*s*i, m- 

/^->tc^LTA o ©£if Rift fc/jN o ©^4&ggW%fT 
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8 D ZmW? 5 C t ic <t i T g ft£ilJ& L/co 
[0 0 7 0] #fgH£©itftgB©-^SS0IJ£0 1 fc^ 
"To 

coo7i]^i tcfc^-c, 1 1 imytm<DftM~?& 

t>, KrFx+i/vl^— tf- (jSS^j248nm) , ArFx^v" 

(&53^193nm) X«F2x+^U-1f- 
(&S^157nm) #&fflT*£S 0 cn?>cDU— f-«!& 
SKJSi;T«ffiSrttc^E?^BESLT!K^{kU- 10 
+f-tLTffl^e>ft3 0 

[0 0 7 2] 12 (iM^Tt^, 1 3 imWK¥3k 1 2 

tz.-?7.>?, i s\mmm%.<r>fmm^m%., ie 

?K I7(ibf^l/Xf-^ i8(i}S 

[0073] i 9im%ft¥%<Dmnm. z ofi&u 

fi^¥Stc}GoT2^7cW{c^t!j-r5'>x/NXx-> ? T' 

[0074] ctDmytrnwizxT-y^Tyvvv-hyj 

[0 0 7 5] C^S^gST'tfjaitD^^M^T^^^ 
vx^i 4fc**U fiaWt-FHl 3 4Kl)T'^' 

^Mfil 2T**NA, *o(o =0.6~0.8gfi)©RJBMP 

«»oilP«»)(i)*fflv»*i:«lci5W3teWfi 1 8T-g 

[0076] *ic, comytgmx'ffij&iDyT'fynyt 

*fT7«£»i, 771^^^-077^ 1 4lc#U v 
X* 1 4 f>x^2 1 ttiS*«fc:*©$$T», 
F0 1 3^(2)T*^L/cJ:-5lC/hN A> /ho (o=0.1~ 
0.3gfi) oftX«BIllWP«JRlf|]3te¥% 1 
(2)*ffl^%t£»i:SEjfc¥*i 8©P^PT*$0lco^ 40 

t tt»A«iHwic «fc *> hps* *> vmt* owtt\ 

^»5(2)'^fflV^T> 1 4©/^-y$'>IAZ 1 

[0 0 7 7] !S9Wfi¥Sl 2©MP»0(l)fc(2)ttBlP 
SOS&^gl 6fcJ:!)2SlU UaB3fc*3R01 8©M 

ps o ox t (2)* itmam *> sm&m 2 o ic £ ^ x^m 

[00 7 8] HlP«»)SElft*ai 5tLT«, H6lCa% 50 



KfM 2000-21722 
12 

*) (74)W) 6 3, 6 4*100fiSJ$H6 ltH3£L 

fc«HI»|fi¥JR 1 2©ftS&6 2 rtfcEHTS^gW, 07 
fcjjVfJ;5fc:, »&©MP89 (7-<;l/:$0 7 3-7 7 
£R«tt©fiHfft7 1 (*-byh) £B£LT*5t, 
C<Dffi$fk7 1*!R»1%¥$1 2 cO^I4lcME*ffirtT' 

[Hiis^^T-ocDP^ps u zmimmwft¥& 1 2 © 

[0 0 7 9] |»PttDS«l¥a2 0i:L/Ttt, 0 

Stc^-f^tc, «*JBMP*fllASiaPtS[») (7 

mtiLW) fcMP8!)8 5»ALTH£U 77S7t^ 

tc a d ©«j# n x v ■< f « -a- t ®nm c t ma 

9 «fc 3 IC&Rft^ 1 8 K*f LTWHS* »? 2 ft© 
MS 9 5*S»ft¥JiU 8©tt*KSfift2rfiili:¥fT 

JE-T 5 c t fc J: $ ftSg©* >b&K&l3&(DmnZ&mT 

[oo 8 o] sic, 01 otc^-f <k5fc8M#i 02, l 

O3fCctoT08 ©#IS<D^Jf ^•'f'^PS t) 8 5 

»«BBPO»(fit*SMT**«t 5 fr*«rt*aofc 
D> ££»MP©£ffi#KftS«8M©IHP»»>i:IJIlP 

[0 0 8 1] MiSo^W^flSttSlgMt^nfey-h^* 

[0 0 8 2] *HSfi}gffitt0 1 1 ic^-TJ; a ley- h/^ 

feitfU^ggO-eUT-fe?), HK 0 7Rt>*01 0A^ 

[00 8 3] *HSfi)BffiT'ti0 l 2 tc^T J: 5 ic, 2 £ 
©7 7S)t 1 4J*(0 7 7 -f >S^1 KAn* T€©7 T^T 
>S)t2cr) 3 mmyt&fi b C t te i K «fc t) V- Y X* 

So 

[0 0 8 4] *IUfi«*077»Jlfit7r-<>'»}tU4 
S7ta%t*tC3il/HifeSt©(DS*WtCHUjSO0 4 T-ffii 

«, 2fi«&ift3tS*«diTS»A«!SiSBtfi»»HlP 
©l«P«Dfc<kS£HJS»»»iS (7^;l/^U>^) ^ 
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yimnLx, ma%t*><D&yj&Mn<DHtiL* oast 
(SUT^a^so^ffit) 7 r-r ym% i o«iBft»6 9 

OfiiHB«-eTE«LTJI3tt*ffft"5. cntio Til 

[0 0 8 5] *56ifltt£U:»ilflbfcSiaHWtRIS«ns 

Jti'-'iry^ftl^tfltSf^Rjlt'feSo 10 
[0 0 8 6] tffcPBft^Jfc 1 2 ©MPtS!») 

frni»^*->K:^te^Tjaia!»?*n*o mitmrn 
yemnmntSH) i 6fcbTttiifiW0iwP*if-78!> 

(07 0^0 7 7) JMfcftMlC 4 OOP,fjP£if 0$ 0 
(07O&O7 6) $fcffiflJ-C#, SK%?X180)H 
PRO 1 9fcLTtt«R«llP*»OttD^fillfc^Hc4 
o©MP*^8^5*Jflv^£ cnicH 

LT77^y»t©£jB«i(i)-(3)&Bi 3tc^-r 0 
[oo87] w±kw Lfc^mmmmic & ntr, a«o 20 

hb/<* - vsnaR^Hasjttc <t -a t 

l«IB«i<T**. 3fctl5Wi1fi*3fi 1 8©inSWI 
P»«^^^1-*tc 5 7Bft i: 7 7- yitft£tT& 5 ^fifi 

mmttrnwrz,, *nmwmm 1 Rtf h 7 
Kttssic: cttiff^a w^rst Bi-r s t ot* So 
[0088] *mMBm<ommi. my&mvmtam 30 

jfrfesi«*fTfcfc&^-e, * 
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